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AIR EMISSIONS FROM TOM AND HEN TURKEY
HOUSES IN THE U.S. MIDWEST
H. Li,  H. Xin,  R. T. Burns,  L. D. Jacobson,  S. Noll,  S. J. Hoff,  J. D. Harmon,  J. A. Koziel,  B. P. Hetchler
ABSTRACT. Limited data exist in the literature regarding air emissions from U.S. turkey feeding operations. The project
described in this article continuously monitored ammonia (NH3) and particulate matter (PM) emissions from turkey
production houses in Iowa (IA) and Minnesota (MN) for 10 to 16 months, with IA monitoring Hybrid tom turkeys (35 to 143d
of age, average market body weight of 17.9 kg) for 16 months and MN monitoring Hybrid hens (35 to 84 d of age, average
market body weight of 6.7 kg) for 10 months. Mobile air emission monitoring units (MAEMUs) were used in the continuous
monitoring. Based on the approximately one‐year measurement, each involving three flocks of birds, daily NH3, PM10, and
PM2.5 concentrations (mean ±SD) in the tom turkey barn were 8.6 ±10.0 ppm, 1104 ±719 g m‐3, and 143 (±124) g m‐3,
respectively. Daily NH3 and PM10 concentrations (mean ±SD) in the hen turkey barn were 7.3 ±7.9 ppm and 301 ±160 g
m‐3, respectively. Daily NH3 concentrations during downtime (mean ±SD) were 38.4 ±20.5 and 20.0 ±16.3 ppm in the tom
and hen barns, respectively. The cumulative NH3 emissions (mean ±SE) were 141 ±13.1 and 1.8 ±0.9 g bird‐1 for the tom
turkeys during 108 d growout and 13 d downtime, respectively, and 52 ±2.1 and 28.2 ±2.5 g bird‐1 for the hen turkeys during
49 d growout and 32 d downtime, respectively (the extended downtime for the hen house was to ensure monitoring of one flock
per season). The cumulative PM10 emission (mean ±SE) was 28.2 ±3.3 g bird‐1 for the tom turkeys during 108 d growout
and 4.6 ±2.2 and 0.3 ±0.06 g bird‐1 for the hen turkeys during 49 d growout and 32 d downtime, respectively. Downtime in
the hen house was of greater duration than would be typically observed (32 d vs. 7 d to 14 d typical). The cumulative PM2.5
emission (mean ±SE) was 3.6 ±0.7 g bird‐1 for the tom turkeys during 108 d growout (not monitored for the hen turkeys).
Because farm operations will vary in flock number, growout days, and downtime; annual emissions can be calculated from
the cumulative emissions and downtime emissions per bird from the data provided. Air emissions data from this study,
presented in both daily emission and cumulative per‐bird‐marketed emission, contribute to the improved U.S. national air
emissions inventory for animal feeding operations.
Keywords. Air emission, Ammonia, National air emissions inventory, Particulate matter, Turkey.
mmonia (NH3) emissions from animal feeding
operations (AFOs) have been estimated by the
U.S. Environmental Protection Agency (EPA) to
represent the largest portion of the national NH3
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emissions inventory in the U.S. Particulate matter (PM) of
10m in aerodynamic diameter or smaller (PM10) causes
ambient air quality concerns when released into the
atmosphere. A comprehensive review by the National
Academy of Science (NRC, 2003) regarding air emissions
called for collection of baseline emission data and
development of process‐based models to predict such air
emissions. A multistate (Iowa, Kentucky, and Pennsylvania)
project funded by the USDA‐IFAFS program was completed
that quantified NH3 emissions from representative U.S.
broiler and layer houses (Liang et al., 2005; Wheeler et al.,
2006). In 2005, an Air Compliance Agreement (ACA) was
reached between the EPA and certain sectors of the U.S.
livestock and poultry industries, namely, the broiler, egg,
swine, and dairy industries. The ACA studies will yield more
baseline data on air emissions from U.S. AFOs. As a part of
the ACA studies, specified gaseous emissions (NH3, H2S,
and non‐methane hydrocarbons) and PM, including total
suspended particulates (TSP), PM10, and PM2.5 (PM of
2.5m in aerodynamic diameter or smaller), from two
commercial  broiler houses in western Kentucky were
continuously quantified for one‐year period (Burns et al.,
2006). However, the turkey industry was not a part of the
ACA, and there have been no studies that continuously
quantify air emissions from U.S. turkey facilities.
Therefore, the objective of this research project was to
quantify NH3 and PM emissions from representative turkey
barns in Iowa (IA) and Minnesota (MN) continuously over a
one‐year period. Specifically, IA monitored emissions from
A
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Table 1. Data of the four flocks of tom
turkeys monitored for air emissions.
Flock Flock Dates
Bird
Age
(d)
Bird
Weight
(kg)
Marketed
Birds
Density
(bird m‐2)
1 2 May to 
23 Aug. 2007
32 to 145 1.3 to 19.7 3985 2.2[a]
2 31 Aug. to
17 Dec. 2007
35 to 143 0.9 to 17.0 6059 3.3
3 7 Jan. to 
28 April 2008
38 to 150 1.4 to 19.5 5550 3.0
4 9 May to 
26 Aug. 2008
35 to 144 1.4 to 17.9 5124 2.8
[a] Flock 1 had unusually low stocking density.
tom (male) turkeys, and MN monitored hen (female) turkeys.
Both sites used the same Hybrid bird strain (Hybrid Turkeys,
Inc., Kitchener, Ontario, Canada). The aerial emissions are
presented in terms of both daily emission and cumulative
emission per bird marketed.
MATERIALS AND METHODS
TOM TURKEY HOUSE
A commercial turkey growout barn in central Iowa was
continuously monitored for NH3, PM10, and PM2.5 emissions
for a 16‐month period (May 2007 to August 2008, table 1),
involving four consecutive flocks (although data for flock 1
were excluded in the final analysis, as described later). The
east‐west oriented turkey barn (18.3 × 102 m) used
combined cross and tunnel ventilation and static pressure‐
controlled curtain inlets (fig. 1). Four furnaces (73.2 kW;
250,000 Btu h‐1 each) were distributed in the barn (21.3 m or
70 ft apart) to provide space heating in cold weather. The barn
had a wooden sidewall on the north and a 1.5 m (5 ft) nylon
curtain on the south. Prior to the study, the barn was modified
from mechanical‐natural combined ventilation into
mechanical‐only  ventilation, allowing for more accurate
measurement of the building ventilation rate (VR). The barn
had five 61 cm diameter sidewall fans spaced at 18.3 m apart,
one 123 cm and six 132 cm diameter tunnel fans. The
sidewall fans were used for cold weather ventilation, whereas
the tunnel fans were used for mild and warm weather
ventilation.  At 35 days of age, the tom turkeys were moved
from the brooder barn to the growout barn, where they were
raised to market age of 140 to 147 d. Standard commercial
Table 2. Data of the four flocks of hen
turkeys monitored for air emissions.
Flock Flock Dates
Bird
Age
(d)
Bird
Weight
(kg)
Marketed
Birds
Density
(bird m‐2)
1 10 Oct. to 
28 Nov. 2007
35 to 84 1.7 to 7.2 808 4.8
2 18 Dec. to 
5 Feb. 2008
35 to 84 1.3 to 6.7 837 5.0
3 3 March to 
17 April 2008
48 to 84[a] 2.1 to 6.5 792 4.8
4 29 May to 
20 July 2008
34 to 86 1.5 to 6.4 812 4.8
[a] Flock 3 had an older starting age.
diets were fed ad lib to the birds during the study. Prior to
onset of the monitoring, the barn was cleaned, disinfected,
and bedded with rye hulls. Top dressing of 14,000 kg rye hulls
was applied after removal of the caked litter following each
flock, and 409 kg aluminum sulfate (Al+Clear, General
Chemical,  Parsippany, N.J.) was applied on top of the new
bedding at a rate of 0.24 kg m‐2 (a typical production
practice).  An automatic bird‐weighing platform scale (model
RSC‐2, Rotem, Petach Tikva, Israel) was placed in the barn
(suspended from the ceiling) to continuously monitor bird
weight (fig. 1). Daily bird mortality was also recorded.
HEN TURKEY HOUSE
A hen turkey barn at the University of Minnesota Poultry
Research Farm was continuously monitored for NH3 and
PM10 emissions over 10‐month period (October 2007 to July
2008; table 2) involving four flocks (although data from
flock3 were excluded in the final analysis for reasons
described later). To ensure monitoring of at least one flock of
birds per season, extended downtime between flocks was
used. The monitored hen growout turkey barn (13.7 ×
12.2m) used standard negative‐pressure ventilation and
static pressure‐controlled curtain inlets (fig. 2). The barn had
three 61 cm, one 91 cm, and one 30 cm diameter sidewall fans
used to provide mechanical ventilation. At 35 days of age, the
hen turkeys were moved from brooder barn to the growout
barn, where they were raised to the market age of 84 to 86 d.
Standard commercial diets were fed ad lib to the birds during
the study. Prior to onset of the monitoring, the barn was
cleaned, disinfected, and bedded with wood (aspen and pine)
shavings. Litter management during the flock growout
consisted of tilling, new bedding addition, and addition of an
Figure 1. Layout of the mechanically ventilated tom turkey barn monitored (not to scale).
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Figure 2. Layout of the hen turkey barn monitored (not to scale).
alum product (Al+Clear, General Chemical, Parsippany,
N.J.) when ammonia levels reached levels considered
detrimental  for bird health (>20 ppm). Between flocks, caked
litter was removed and replenished with new bedding. An
automatic bird‐weighing platform scale was placed in the
barn to continuously monitor bird weight. Daily bird
mortality was also recorded.
MEASUREMENT SYSTEM
State‐of‐the‐art  mobile air emissions monitoring units
(MAEMUs) were used to conduct the continuous
measurement.  Burns et al. (2006) provided a detailed
description of the MAEMU. A multi‐gas photoacoustic
analyzer (1412, Innova AirTech Instruments, Ballerup,
Denmark) was used to measure the NH3 and CO2
concentrations at the tom (IA) site, whereas a chemi-
luminescence NH3 analyzer (TEI 17C, Thermal Electron
Corp., Waltham, Mass.) and two infrared (IR) CO2 analyzers
(GMT220, Vaisala, Woburn, Mass.) were used at the hen
(MN) site.
Air samples were drawn from two locations in each barn
to account for potential spatial variations. One sampling was
near the primary minimum ventilation fan for each barn, and
the other was at the center of the tunnel end of the tom barn
and near the secondary ventilation fan in the hen barn. Due
to the different response times of photoacoustic and
chemiluminescence  analyzers, different sampling times
were used, namely, 2 min for the tom barn and 10 min for the
hen barn. The last 30 s concentration readings of the 2 min
sampling period were used for the tom barn, and the last 3 min
average concentration readings of the 10 min sampling
period were used for the hen barn. The sequential sampling
made the assumption that any concentration changes at the
given location between two adjacent measurements followed
a linear pattern. Hence, linear interpolation from the two
measured values was used to determine the intermediate
concentration values and to line up with the continuously
measured VR for the location. In addition to the in‐barn
sampling, ambient air samples from outside sampling ports
inside weather boxes near the air inlets was taken for 8 and
10 min duration with 120 and 70 min intervals to provide the
background gas concentration at the tom and hen sites,
respectively. The background readings were subtracted from
the exhaust readings in calculating air emissions from the
barn. All air sampling lines were protected from in‐line
moisture condensation with insulation and temperature‐
controlled resistive heating cable that kept the temperature of
the sample line bundle at least 11°C (20°F) above the dew‐
point temperature of the sample air.
Most turkey growout barns in the Midwest use natural
ventilation (NV), making it a formidable task to measure barn
VR with reasonable accuracy. Hence, in this study, a portion
of the turkey barn was converted into fully mechanical
ventilation (MV) so that barn VR could be monitored on a
continuous basis and at the same time mimic the actual
production environmental conditions. To maintain and
reflect the adjacent naturally ventilated room as much as
possible, gas samples from the NV portions were analyzed at
20 min (tom) and 30 min (hen) intervals (figs. 1 and 2). The
gaseous concentrations (CO2 and NH3) of the NV portion
were used to fine‐tune the ventilation and thus the micro‐
environment (e.g., litter moisture) of the MV portion. The
setpoints of the heating and ventilation system and fan stages
of the MV portion were adjusted accordingly to match the
same CO2 and NH3 levels of the NV portion.
For the PM concentration measurements, tapered element
oscillation microbalances (TEOMs) (model 1400a, Thermo
Environmental  Instruments, Inc., Franklin, Mass.) were
used. Two TEOMs with PM10 and PM2.5 heads were placed
at the sidewall fan location, and another two were placed near
the tunnel fan end at the tom site. One TEOM with a PM10
head was used at the minimum ventilation fan location for the
hen site. For the ambient (background) location, the PM10
and PM2.5 TEOMs were collocated at the ambient air
sampling location near the air inlet.
The barn VR was derived by using in situ calibrated fan
curves from two fan assessment numeration systems (FANS)
(48 in. and 54 in. sizes) (Gates et al., 2004). Actual individual
airflow curves were established for all the exhaust fans and
in actual operational stage combinations, which could
minimize the potential effect of using other fan
combinations.  The run time of each fan was monitored and
recorded continuously using an inductive current switch
attached to the power supply cord of each fan motor
(Muhlbauer et al., 2011). Analog output from each current
switch was connected to a data acquisition (DAQ) system
(Compact Fieldpoint, National Instruments, Austin, Tex.)
(Liet al., 2006). The fan speed (rpm) of the variable‐speed
fans was monitored by magnetic proximity sensors (MP1007,
ZF Electronics Corp., Pleasant Prairie, Wisc.) at 1 s sampling
intervals. Concurrent measurement of the barn static pressure
was made with static pressure sensors (model 264, Setra,
Boxborough, Mass.). Summation of airflows from the
individual fans during each monitoring cycle or sampling
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interval yielded the overall barn VR. Atmospheric pressure,
indoor and outdoor temperature, and relative humidity (RH)
were measured with barometric pressure sensors (WE100,
Global Water, Gold River, Cal.), temperature sensors (type‐T
thermocouple,  Cole‐Parmer, Vernon Hills, Ill.), and RH
probes (HMW60, Vaisala, Woburn, Mass.). The signals from
the analyzers and sensors were sampled every second and
recorded to an on‐site PC at 30 s and 1 min intervals for the
tom and hen sites, respectively.
CALCULATION OF GASEOUS AND PM EMISSIONS
With the recorded data, the gaseous and PM emission rates
(ERs) were calculated. The relationship of the dynamic ER
to gaseous and PM concentrations of inlet and exhaust air and
building VR can be expressed as follows:
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where
[ERG]t = gaseous emission rate of the barn 
(g barn‐1 t‐1) during VR sample integration 
time t (30 s or 1 min)
[ERPM]t = PM emission rate of the barn (g barn‐1 t‐1)
[Qe]t = average VR of the barn during sample 
integration time t under field temperature 
and barometric pressure (m3 barn‐1 t‐1)
[G]I, [G]e = gaseous concentration of incoming and 
exhaust ventilation air in parts per million by
volume (ppmv) obtained by linear 
interpolation
[PM]i = PM concentration of incoming ventilation air
(g m‐3)
[PM]e = PM concentration of exhaust ventilation air
(g m‐3)
wm = molar weight of air pollutants (g mole‐1)
Vm = molar volume of NH3 gas at standard 
temperature (0°C) and pressure (1 atm) 
(STP) (0.022414 m3 mole‐1)
Tstd = standard temperature (273.15 K)
Ta = absolute house temperature (°C + 273.15, K)
Pstd = standard barometric pressure (101.325 kPa)
Pa = atmospheric barometric pressure (kPa)
ρ, ρe = air density of incoming and exhaust air (kg
dry air m‐3 moist air).
Daily emissions were the summation of the dynamic
emissions over the 24 h period. Statistical analysis of the
daily emissions data was performed with analysis of variance
using the GLM procedure to determine the effect of bird age,
flock, temperature, and litter condition (new bedding vs.
built‐up litter) (SAS, 1990). Significant differences for all
comparisons were based on p < 0.05.
Figure 3. Average growth curves (±SE) of Hybrid tom and hen turkeys
during four flocks of air emissions monitoring (BW in kg; bird age in d):
tom BW (±0.19) = 2.34 × 10‐4 (±2.07 × 10‐5) age2 + 0.12 (±3.72 × 10‐3)
age ‐ 3.55 (±0.16), R2 = 0.999; and hen BW (±0.049) = 8.92 × 10‐4 (±3.97
× 10‐6) age2 + 0.50 (±0.016), R2 = 0.999.
RESULTS AND DISCUSSION
BIRD GROWTH DATA
The daily average body weight data from the tom and hen
turkey were collected for every flock. Two growth curves
were developed from body weight data, and polynomial
regression equations were created. Figure 3 illustrates the
Hybrid tom and hen turkey growth performance during the
one‐year monitoring period.
AMMONIA AND PM CONCENTRATIONS
Daily mean NH3 and PM concentrations in the two turkey
barns during the three‐flock monitoring periods are shown in
figures 4 and 5 and summarized in tables 3 and 4. The average
daily NH3, PM10, and PM2.5 concentrations (±SD) in the tom
turkey barn during the growout period were, respectively, 8.6
(±10.0) ppm, 1104 (±719) g m‐3, and 143 (±124) g m‐3.
In the hen turkey barn, the average daily NH3 and PM10
concentrations (±SD) during the growout period were,
respectively, 7.3 (±7.9) ppm and 338 (±174) g m‐3. As
expected, the concentrations showed strong seasonal and
cyclic patterns in that they were much lower in summer than
in fall or winter (p < 0.001), resulting from higher VR in
summer. Higher NH3 concentrations recorded during the
downtime (empty barn) were caused by the decaking,
cleaning activities, or limited ventilation. The average daily
NH3 concentrations (±SD) between flocks (i.e., during
downtime) were 38.4 (±20.5) and 20.0 (±16.3) ppm at the
tom and hen sites, respectively. The PM concentrations at the
tom site were not collected during the downtime because the
TEOMs were relocated to allow for barn management during
downtime. The average PM10 concentration (±SD) at the
hen site during the downtime was 148 (±97) g m‐3, which
was significantly lower than the PM10 levels during the
growout period.
AMMONIA EMISSIONS
Daily ER values obtained from equations 1 and 2 were
processed and reported on per‐marketed‐bird basis. Figures6
and 7 depict daily NH3 ER for the entire monitoring period,
including the growout and downtime periods. The ER values
during the downtime periods were calculated based on the
marketed bird number of the prior flock. During growout,
daily NH3 ER varied from 0 to 6.4 g d‐1 bird‐1 for the tom
turkey barn and 0 to 3.3 g d‐1 bird‐1 for the hen turkey barn.
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Figure 4. Daily mean NH3, PM10, and PM2.5 concentrations of a tom
turkey barn, along with outside air temperature, over the 16‐month
monitoring period (time intervals between the vertical dashed lines
represent downtime periods).
The ER exhibited different patterns among the four flocks.
Specifically, ER increased gradually throughout the spring‐
summer flocks (flock 1 for toms, flock 4 for hens), whereas
ER gradually increased for the first half of the flocks and then
declined for the fall‐winter flocks. Due to the unexpected low
bird number (an inadvertent error during bird transfer from
the brooder barn to the grower barn) and considerable bird
number changes of flock 1 at the tom site, data for this flock
were considered not representative and were thus excluded
from the overall ER assessment. At the hen site, flock 3
started at 48 d of age, i.e., 13 d later than the other flocks.
Consequently, this flock was excluded from the emission
determination.  Thus, the final ER values of turkeys reported
here were derived from flocks 2, 3, and 4 for toms and flocks
1, 2, and 4 for hens. The daily (mean ±SD) NH3 ER values
(1.5 ±0.83 g d‐1 bird‐1) for the tom turkeys in the warm
season (flock 4) were higher than those (1.1 ±0.67 g d‐1
bird‐1) in the cold season (flock 3) (p < 0.001). There was no
difference among the mean daily NH3 ER values of the three
hen flocks and the three tom flocks when the bird ages were
Figure 5. Daily mean NH3 and PM10 concentrations of a hen turkey barn,
along with outside air temperature, during the 10‐month monitoring at
the Minnesota site (time intervals between the vertical dashed lines
represent downtime periods).
less than 84 d (12 weeks) (p = 0.4). The bedding or litter
conditions did not show significant effect on the ER (p =
0.37), presumably resulting from removal of significant
amounts of wet/caked litter and addition of new bedding after
each flock. The NH3 ER values from the tom turkey barn
during the cold period (December and January) in
Pennsylvania, reported by Gay et al. (2006), ranged from 1.3
(92 d age) to 3.6 (64 d age) g d‐1 bird‐1 from one flock on built‐
up litter. In comparison, the NH3 ER values of tom turkey in
this study at similar age and body weight and on built‐up litter
conditions were 0.69 and 2.4 g d‐1 bird‐1 for the respective
bird ages (91 d and 64 d), following a similar pattern.
Differences in stocking density (3.6 vs. 3.0 birds m‐2 for the
Pennsylvania and Iowa studies, respectively), weather
conditions, litter conditions, and management practices all
could have contributed to the differences.
The cumulative NH3 emission over the 108 d growout
period (35 to 143 d) for the three flocks of tom turkeys was
141 ±13.1 g bird‐1 (mean ±SE) (table 5 and fig. 8). For the
hen turkey barn, the cumulative NH3 emission over the 49 d
growout period (35 to 84 d) for the three flocks was 52 ±2.1g
bird‐1 (mean ±SE) (table 5 and fig. 8). However, the barn also
emitted considerable amounts of NH3 during downtime,
averaging 0.14 ±0.07 g d‐1 bird‐1 (13 d downtime on average)
and 0.88 ±0.08 g d‐1 bird‐1 (32 d downtime on average) for
the tom and hen barns, respectively. A large difference was
noted in the cumulative NH3 emissions from downtime, as
emissions were 1.8 ±0.9 g bird‐1 over the 13 d period for the
toms and 28.2 ±2.5 g bird‐1 over the 32 d period for the hens.
The discrepancy of the downtime NH3 ER (0.14 vs. 0.88 g d‐1
bird‐1) may have been a result of differences in litter source
(rye hull vs. shavings) and clean‐out practices, such as the
extent of caked litter removal, tilling, and rebedding.
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Table 3. Daily ventilation rate (VR), concentration, and emission rate (ER) of NH3, PM10, and
PM2.5 of the tom turkey barn during growout period of 5 to 20 weeks (1 m3 h‐1 = 0.59 cfm).
VR
(m3 h‐1
barn‐1)
VR
(m3 h‐1
bird‐1)
Concentration ER
(kg d‐1 barn‐1)
ER
(g d‐1 bird‐1)
NH3
(ppm)
PM10
(μg m‐3)
PM2.5
(μg m‐3) NH3 PM10 PM2.5 NH3 PM10 PM2.5
Flock 1[a]
Mean 174129 47.6 5.93 808 92.2 7.52 2.26 0.190 1.91 0.56 0.048
SD 68052 21.3 11.2 456 81.1 5.91 1.33 0.114 1.50 0.34 0.029
Max. 269127 75.0 82.3 2305 447 25.2 6.20 0.427 6.42 1.58 0.109
Min. 12343 2.89 0.87 174 27.9 0.15 0.18 0.008 0.04 0.04 0.002
Flock 2
Mean 64149 9.68 11.7 1355 175 7.95 1.21 0.124 1.31 0.20 0.021
SD 49760 7.28 5.89 661 130 4.64 0.44 0.078 0.77 0.07 0.013
Max. 262452 39.3 28.7 3207 500 20.5 2.36 0.297 3.38 0.39 0.049
Min. 11081 1.79 1.81 173 18 1.18 0.27 0.015 0.20 0.04 0.002
Flock 3
Mean 44572 9.49 13.9 1722 245 6.10 1.65 0.234 1.10 0.30 0.042
SD 40408 9.30 12.2 591 130 3.73 0.95 0.155 0.67 0.17 0.028
Max. 238001 53.7 44.7 3384 637 16.6 3.62 0.606 2.99 0.65 0.109
Min. 7494 1.25 1.38 200 50 0.70 0.17 0.011 0.13 0.03 0.002
Flock 4
Mean 203233 39.5 2.39 548 58 7.61 1.49 0.202 1.49 0.29 0.039
SD 81269 17.3 1.25 491 21 4.28 0.62 0.102 0.83 0.12 0.020
Max. 282720 70.3 6.24 2688 117 17.9 2.97 0.475 3.50 0.58 0.093
Min. 16888 2.96 0.60 144 19 0.47 0.39 0.038 0.09 0.08 0.007
Flocks
2 to 4
Mean 103391 19.5 9.45 1202 159 7.20 1.45 0.187 1.30 0.26 0.034
SD 92336 18.5 9.38 762 132 4.29 0.73 0.125 0.77 0.14 0.023
Max. 282720 70.3 44.7 3384 637 20.5 3.62 0.606 3.50 0.65 0.109
Min. 7494 1.25 0.60 144 18 0.47 0.17 0.011 0.09 0.03 0.002
Overall
flocks
Mean 121432 26.6 8.55 1104 143 7.28 1.65 0.188 1.45 0.34 0.038
SD 92048 22.8 9.97 719 124 4.75 0.98 0.122 1.04 0.25 0.026
Max. 282720 75.0 82.3 3384 637 25.2 6.20 0.606 6.42 1.58 0.109
Min. 7494 1.25 0.60 144 18 0.15 0.17 0.008 0.04 0.03 0.002
Between
flocks
1 and 2
Mean 19388 ‐‐ 47.3 ‐‐ ‐‐ 2.42 ‐‐ ‐‐ 0.62 ‐‐ ‐‐
SD 23074 ‐‐ 6.92 ‐‐ ‐‐ 3.34 ‐‐ ‐‐ 0.85 ‐‐ ‐‐
Max. 54238 ‐‐ 58.7 ‐‐ ‐‐ 9.43 ‐‐ ‐‐ 2.40 ‐‐ ‐‐
Min. 0.00 ‐‐ 36.2 ‐‐ ‐‐ 0.00 ‐‐ ‐‐ 0.00 ‐‐ ‐‐
Between
flocks
2 and 3
Mean 337 ‐‐ 42.6 ‐‐ ‐‐ 0.03 ‐‐ ‐‐ 0.01 ‐‐ ‐‐
SD 1505 ‐‐ 18.2 ‐‐ ‐‐ 0.15 ‐‐ ‐‐ 0.02 ‐‐ ‐‐
Max. 6730 ‐‐ 82.3 ‐‐ ‐‐ 0.68 ‐‐ ‐‐ 0.11 ‐‐ ‐‐
Min. 0.00 ‐‐ 8.5 ‐‐ ‐‐ 0.00 ‐‐ ‐‐ 0.00 ‐‐ ‐‐
Between
flocks
3 and 4
Mean 2743 ‐‐ 25.4 ‐‐ ‐‐ 0.19 ‐‐ ‐‐ 0.03 ‐‐ ‐‐
SD 7759 ‐‐ 25.2 ‐‐ ‐‐ 0.54 ‐‐ ‐‐ 0.10 ‐‐ ‐‐
Max. 21947 ‐‐ 62.9 ‐‐ ‐‐ 1.53 ‐‐ ‐‐ 0.27 ‐‐ ‐‐
Min. 0 ‐‐ 2.05 ‐‐ ‐‐ 0.00 ‐‐ ‐‐ 0.00 ‐‐ ‐‐
Overall
between
flocks
Mean 6616 ‐‐ 38.4 ‐‐ ‐‐ 0.61 ‐‐ ‐‐ 0.14 ‐‐ ‐‐
SD 17090 ‐‐ 20.5 ‐‐ ‐‐ 1.73 ‐‐ ‐‐ 0.43 ‐‐ ‐‐
Max. 73792 ‐‐ 82.3 ‐‐ ‐‐ 9.43 ‐‐ ‐‐ 2.40 ‐‐ ‐‐
Min. 0 ‐‐ 2.1 ‐‐ ‐‐ 0.00 ‐‐ ‐‐ 0.00 ‐‐ ‐‐
[a] Flock 1 had unusually low stocking density.
The cumulative NH3 emissions (mean ±SE) from the
barns were 143 ±13.1 g bird‐1 over the 108 d growout period
for the toms and 80.2 ±2.1 g bird‐1 over the 49 d growout
period for the hens when the downtime emission was
included. In comparison, the cumulative NH3 emission
(mean ±SE) for the tom turkey barn over the same 49 d
period was 68.7 ±3.2 g bird‐1. The NH3 emission difference
between the tom and hen turkeys could have been caused by
the differences in bird stocking densities, nitrogen content in
the feed, amount of manure production, and manure
composition between the birds.
PM EMISSIONS
The daily PM10 ER values are shown in figures 9 and 10.
At the tom site, the daily PM10 and PM2.5 ER did not include
the downtime periods between flocks because the TEOMs
were put away during bird harvesting. During growout, daily
PM10 ER varied from 0 to 1.58 g d‐1 bird‐1 for the toms and
from 0 to 0.33 g d‐1 bird‐1 for the hens. The two turkey barns
exhibited different PM10 emission patterns in that PM10 ER
increased gradually until the middle of the tom flock (first 47
to 56 d) and then decreased in all tom flocks except flock 3
(where PM10 ER increased with bird age throughout the
flock); PM10 ER continued to increase with bird age for all
four hen flocks. The cumulative PM10 emission (mean ±SE)
was 28.2 ±3.3 g bird‐1 for the toms over the 108 d growout
period and 4.6 ±2.2 g bird‐1 for the hens over the 49 d
growout period (fig. 11). In comparison, the cumulative
PM10 emission (mean ±SE) for the toms over the same 49 d
period (as for the hens) was more than double at 9.6 ±2.2 g
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Table 4. Daily ventilation rate (VR), concentration, and emission rate (ER) of NH3 and
PM10 of the hen turkey barn during growout period of 5‐12 weeks (1 m3 h‐1 = 0.59 cfm).
VR
(m3 h‐1
house‐1
VR
(m3 h‐1
bird‐1)
Concentration ER
(kg d‐1 house‐1)
ER
(g d‐1 bird‐1)NH3
(ppm)
PM10
(μg m‐3) NH3 PM10 NH3 PM10
Flock 1
Mean 6958 8.5 8.1 290 0.79 0.042 1.00 0.051
SD 3718 4.5 5.7 117 0.57 0.026 0.73 0.032
Max. 23382 28.5 24.5 553 2.27 0.103 2.76 0.128
Min. 2030 2.46 0.06 113 0.00 0.010 0.00 0.012
Flock 2
Mean 2772 3.3 16.8 421 0.86 0.034 0.99 0.040
SD 2060 2.4 8.7 179 0.37 0.022 0.44 0.026
Max. 9360 11.1 36.3 885 1.79 0.089 2.10 0.106
Min. 1800 2.11 1.35 177 0.07 0.001 0.08 0.001
Flock 3[a]
Mean 8986 11.2 2.96 511 0.38 0.103 0.48 0.128
SD 4606 5.8 1.75 156 0.20 0.035 0.24 0.045
Max. 23614 29.7 10.3 853 0.70 0.196 0.89 0.246
Min. 1800 2.2 0.81 169 0.08 0.042 0.10 0.053
Flock 4
Mean 35512 42.7 1.62 201 0.93 0.143 1.15 0.173
SD 10443 12.7 0.92 38.1 0.65 0.046 0.82 0.057
Max. 41400 50.5 4.29 336 2.71 0.265 3.26 0.326
Min. 9360 11.1 0.33 143 0.04 0.000 0.04 0.000
Flocks
1, 2, and 4
Mean 16641 20.1 8.4 293 0.86 0.075 1.05 0.090
SD 16449 19.8 8.5 148 0.54 0.060 0.69 0.073
Max. 41400 50.5 36.3 885 2.71 0.265 3.26 0.326
Min. 1800 2.1 0.06 113 0.00 0.000 0.00 0.000
Overall
flocks
Mean 15066 18.2 7.3 338 0.77 0.080 0.94 0.098
SD 15116 18.2 7.9 174 0.53 0.057 0.66 0.070
Max. 41400 50.5 36.3 885 2.71 0.265 3.26 0.326
Min. 1800 2.1 0.06 113 0.00 0.000 0.00 0.000
Between
flocks
1 and 2
Mean 1800 ‐‐ 34.7 128 1.02 0.005 1.26 0.007
SD 0.0 ‐‐ 6.2 8.5 0.36 0.003 0.45 0.004
Max. 1800 ‐‐ 45.9 150 1.73 0.016 2.14 0.020
Min. 1800 ‐‐ 18.3 117 0.30 0.000 0.37 0.000
Between
flocks
2 and 3
Mean 3594 ‐‐ 23.9 197 1.03 0.016 1.23 0.019
SD 2548 ‐‐ 20.3 146 0.77 0.023 0.92 0.027
Max. 9360 ‐‐ 83.2 728 3.03 0.095 3.63 0.113
Min. 1800 ‐‐ 2.79 99 0.12 0.004 0.15 0.005
Between
flocks
3 and 4
Mean 2551 ‐‐ 10.7 114 0.31 0.004 0.39 0.005
SD 4640 ‐‐ 7.1 13.7 0.22 0.001 0.28 0.001
Max. 30401 ‐‐ 36.6 183 1.10 0.007 1.38 0.008
Min. 1776 ‐‐ 0.6 96.7 0.01 0.002 0.02 0.002
Overall
between
flocks
Mean 2797 ‐‐ 20.0 148 0.72 0.009 0.88 0.011
SD 3465 ‐‐ 16.3 97.2 0.62 0.015 0.75 0.018
Max. 30401 ‐‐ 83.2 728 3.03 0.095 3.63 0.113
Min. 1776 ‐‐ 0.60 96.7 0.01 0.000 0.02 0.000
[a] Flock 3 had an older starting age.
Figure 6. Daily NH3 emission rate (ER) and cumulative NH3 emission
during the four‐flock monitoring of air emissions from a tom turkey barn
(time intervals between the vertical dashed lines represent downtime
periods).
Figure 7. Daily NH3 emission rate (ER) and cumulative NH3 emission
during the four‐flock monitoring of air emissions from a hen turkey barn
(time intervals between the vertical dashed lines represent downtime
periods).
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Table 5. Mean cumulative (SE values in parentheses) NH3, PM10, and PM2.5 emission rates used to estimate the annual emissions for equation 3
(D = growout days, E = daily emission rate during downtime, and G = cumulative emission per bird marketed during the growout period).
Growout Days
(D)
NH3 PM10 PM2.5
Growout
(G)
(g bird‐1)
Downtime
(E)
(g d‐1 bird‐1)
Growout
(G)
(g bird‐1)
Downtime
(E)
(g d‐1 bird‐1)
Growout
(G)
(g bird‐1)
Downtime
(E)
(g d‐1 bird‐1)
Tom 108 141 (13.1) 0.14 (0.07) 28.2 (3.3) ‐‐ 3.6 (0.7) ‐‐
Hen 49 52 (2.1) 0.88 (0.08) 4.55 (2.2) 0.011 (0.002) ‐‐ ‐‐
Figure 8. Cumulative NH3 emissions per tom or hen turkey marketed
(mean ±SE; cumulative emission in g bird‐1; bird age in d): tom
cumulative emission (±1.43) = 272 (±15.5) ‐ 18.1 (±1.03) age + 0.42
(±0.026) age2 ‐ 4.19 × 10‐3 (±2.99 × 10‐4) age3 + 2.01× 10‐5 (±1.66 ×
10‐6) age4 ‐ 3.80 × 10‐5 (±3.52 × 10‐9) age5, R2 = 0.999; and hen
cumulative emission (±0.50) = ‐331 (±102) + 30.9 (±9.33) age ‐ 1.12
(±0.034) age2 + 0.020 (±5.90 × 10‐3) age3 ‐ 1.60 × 10‐4 (±5.10 × 10‐5)
age4 + 5.08 × 10‐7 (±1.73 × 10‐7) age5, R2 = 0.999.
Figure 9. Daily PM10 emission rate (ER) and cumulative PM10 emission
during the four‐flock monitoring of air emissions from a tom turkey barn
in Iowa per bird marketed (time intervals between the vertical dashed
lines represent downtime periods).
Figure 10. Daily PM10 emission rate (ER) and cumulative PM10 emission
during the four‐flock monitoring of air emissions from a hen turkey barn
in Minnesota per bird marketed (time intervals between the vertical
dashed lines represent downtime periods).
Figure 11. Cumulative PM10 emissions per tom or hen turkey marketed
(mean ±SE; cumulative emission in g bird‐1; bird age in d): tom
cumulative emission (±0.18) = ‐6.43 (±1.02) + 0.33 (±0.055) age ‐ 6.05 ×
10‐3 (±1.05 × 10‐3) age2 ‐ 7.44 × 10‐5 (±8.35 × 10‐6) age3 ‐ 2.54× 10‐7
(±2.36 × 10‐8) age4, R2 = 0.999; and hen cumulative emission (±0.028) =
‐0.39 (±0.07) ‐ 0.018 (±2.39 × 10‐3) age + 9.10 × 10‐4 (±2.02 × 10‐5) age2,
R2 = 0.999.
Figure 12. Daily PM2.5 emission rate (ER) and cumulative PM2.5 emission
during the four‐flock monitoring of air emissions from a turkey barn in
Iowa per bird marketed (time intervals between the vertical dashed lines
represent downtime periods).
Figure 13. Cumulative PM2.5 emissions per tom turkey marketed (mean
±SE; cumulative emission in g bird‐1; bird age in d): tom cumulative
emission (±0.18) = ‐0.75 (±0.16) + 0.057 (±8.89 × 10‐3) age ‐ 1.56 × 10‐3
(±1.69 × 10‐4) age2 + 1.82 × 10‐5 (±1.34 × 10‐6) age3 ‐ 5.97 × 10‐8 (±3.79
× 10‐9) age4, R2 = 0.999.
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bird‐1. Lower stocking density, different bedding materials,
bird activities, body weight, management, and weather
conditions could have contributed to the discrepancy. The
barn also emitted some PM10 during the downtime (from
litter tilling). However, the downtime PM ER values from the
tom barn were not captured due to instrument maintenance
and barn management. The hen barn emitted 0.011 ±0.002g
d‐1 bird‐1 PM10 (mean ±SE) during downtime (32 d average).
The cumulative PM10 emission (mean ±SE) for the hen barn
increased to 4.9 ±1.9 g bird‐1 when the downtime emission
(0.3 ±0.06 g bird‐1 marketed) was included.
The daily PM2.5 ER for the tom barn varied from 0.008 to
0.606 kg d‐1 house‐1 (fig. 12). The PM2.5 ER had similar
patterns to the PM10 ER during the four monitored flocks. On
a per‐bird basis, the PM2.5 ER varied from 0.002 to 0.109 g
d‐1 bird‐1. The cumulative PM2.5 ER over the 108 d growout
period for the three tom flocks was 3.6 ±0.7 g bird‐1 (mean
±SE) (fig. 13).
ANNUAL EMISSION
Annual emission could be estimated based on daily ER
values. It has been shown that daily NH3 ER can be estimated
as a function of the bird age for broilers regardless of the
seasonal variation (Wheeler et al., 2006; Burns et al., 2006).
The inconsistent relationship between the daily NH3 ER and
bird age observed in the current study made estimating the
daily NH3 emission by simply using bird age a formidable
task due to the season, litter condition, and management
effects. Therefore, using cumulative emission from the year‐
long continual monitoring can integrate the seasonal effect
and provide a more representative estimation of the annual
emission. The NH3 and PM emission during the downtime
period should be counted as part of the annual emission
(table5).  The annual emission from the turkey growout barn
should be expressed on per marketed bird or per unit weight
gain basis, per the following equation:
 F
EDFG ××−+
=
)365(
marketed)bird(gemissionAnnual -1
 (3)
where
G = cumulative emission per bird‐marketed during the 
growout period (g bird‐1)
F = number of flocks annually grown
D = growout days (d)
E = daily emission rate during downtime (g d‐1 bird‐1).
Equation 3 adjusts the annual emission for the number of
growout flocks and/or different downtime duration. For
example, the annual hen NH3 and PM10 emissions of this
study were 80.2 g NH3 g bird‐1 and 4.9 g PM10 bird‐1 when
4.5 flocks were grown with 32 d downtime. The annual hen
NH3 and PM10 emissions would be 58.3 g NH3 g bird‐1 and
4.6 g bird‐1 if 6.5 flocks were grown with 7 d downtime.
Expressed on the basis of emission per kg of body weight
gain (BWG = marketed weight ‐ placement weight), the
mean NH3 emission was 8.5 g per kg BWG for the toms
(3.0birds m‐2 stocking density) and 15.4 g per kg BWG for
the hens (4.8 birds m‐2 stocking density) based on the annual
emissions and marketed bird weights. The NH3 emissions
were 13.8, 17.0, and 20.4 g per kg BWG for broiler (40 d
market age with 2.1 kg BWG), heavy broiler (49 d market age
with 2.4 kg BWG), and roaster (63 d market age with 3.2 kg
BWG) with 7 d downtime and built‐up litter, respectively
(Gates et al., 2008). These results indicate that the turkey
operations generally emitted less NH3 per BWG. Similarly,
the annual PM10 emissions averaged 1.7 g per kg BWG for
the toms and 0.94 g per kg BWG for the hens. Finally, the
annual PM2.5 emission averaged 0.22 g per kg BWG for the
tom turkeys.
CONCLUSIONS
Air emissions (NH3, PM10, and PM2.5) from a tom turkey
barn in Iowa and a hen turkey barn in Minnesota were
continuously monitored for 16 and 10 consecutive months,
respectively, covering three growout flocks for each gender.
Stocking density of the birds averaged 3.0 bird m‐2 for the
toms and 4.8 bird m‐2 for the hens, and the monitoring period
covered the bird age of 35 to 143 d (i.e., 108 d monitoring)
for the toms (averaging 17.9 kg in market body weight and
16.7 kg weight gain) and 35 to 84 d (i.e., 49 d monitoring) for
the hens (averaging 6.7 kg in market body weight and 5.2 kg
weight gain). The following observations and conclusions
were made:
 Average daily NH3, PM10, and PM2.5 concentrations
(±SD) in the tom turkey barn were 8.6 (±10.0) ppm,
1104 (±719) g m‐3, and 143 (±124) g m‐3,
respectively. In the hen turkey barn, the average daily
NH3 and PM10 concentrations (±SD) were 7.3 (±7.9)
ppm and 337 (±174) g m‐3, respectively. Average
daily NH3 concentrations (±SD) between flocks
(during downtime) were 38.4 (±20.5) and 20.0
(±16.3) ppm at the tom and hen sites, respectively.
Average PM10 concentration (±SD) in the hen turkey
barn during the downtime was 148 (±97) g m‐3,
which was significantly lower than the PM10 levels
during the growout period.
 Cumulative NH3 emissions (±SE) for the toms were
141 (±13.1) and 1.8 (±0.9) g bird‐1 during 108 d
growout and 13 d downtime, respectively. The
cumulative NH3 emissions for the hens were 52 (±2.1)
and 28.2 (±2.5) g bird‐1 marketed during 49 d growout
and 32 d downtime, respectively. Therefore, the mean
NH3 emissions (±SE) were 143 (±13.1) g bird‐1
marketed for the toms and 80.2 (±2.1) g bird‐1
marketed for the hens, both including downtime
emissions. The mean NH3 emissions per unit body
weight gain (BWG) were 8.5 g per kg BWG (3.9 g per
lb BWG) for the toms and 15.4 g per kg BWG (7.0 g per
lb BWG) for the hens.
 Cumulative PM10 emission (±SE) for the toms was
28.2 (±3.3) g bird‐1 during 108 d growout. Cumulative
PM10 emissions for the hens were 4.6 (±2.2) and 0.3
(±0.06) g bird‐1 during 49 d growout and 32 d
downtime, respectively. The mean PM10 emissions
(±SE) were 28.2 (±3.3) g bird‐1 for the toms and 4.9
(±1.9) g bird‐1 marketed for the hens. The mean PM10
emission per unit BWG was 1.7 g per kg BWG (0.77 g
per lb BWG) for the toms and 0.94 g per kg BWG
(0.43g per lb BWG) for the hens.
 Cumulative PM2.5 emission (±SE) was 3.6 (±0.7) g
bird‐1 marketed for the toms, or 0.22 g per kg BWG
(0.10 g per lb BWG).
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